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EXECUTIVE  SUMMARY 


Problems  and  Objectives:  Defense  General  Supply  Center  was  considering  initiating  a 
Paperless  Ordering  Procurement  System  (POPS)  for  commercial  off-the-shelf  engine  oils 
for  administrative  service.  Currently,  administrative  engine  oils  (MIL-L-46152)  of 
assured  quality  are  procured  under  an  oil  qualification  process  that  generates  a  list  of 
approved  products  (Qualified  Products  List).  There  is  currently  no  formal  qualification 
procedure  for  commercial  gasoline  engine  oils.  During  1979-80,  the  Army  surveyed 
commercial  engine  oil  quality  and  found  several  instances  where  commercial  rebranded 
products  had  questionable  quality  relative  to  their  stated  quality  level.  The  objective  of 
the  current  project  was  to  determine  the  quality  of  commercial  oils  in  the  marketplace 
and  determine  if  the  overall  quality  was  sufficient  to  allow  a  POPS-type  system. 

Importance  of  Project:  This  project  will  determine  if  commercial  oil  quality  is 
consistent  enough  to  allow  the  adoption  of  a  POPS-type  procurement  system  for  engine 
oil  intended  for  use  in  the  Government  administrative  vehicle  fleet. 

Technical  Approach:  A  total  of  41  commercial  engine  oils  were  purchased  in  the 
Washington,  DC  and  San  Antonio,  Texas  areas  and  then  analyzed  using  standard  test 
procedures  to  determine  oil  quality  versus  the  physical/chemical  requirements  of  MIL-L- 
46152. 

Accomplishments:  The  program  has  been  completed.  Overall,  57.5  percent  of  the 
samples  failed  one  or  more  of  the  physical/chemical  tests  of  MIL-L-46152.  Although 
17.5  percent  of  the  failures  were  considered  borderline,  40  percent  of  the  samples 
clearly  failed  at  least  one  test.  Foam  test  and  low-temperature  viscosity  were  the 
requirements  most  frequently  failed. 

Military  Impact:  Based  on  the  percentage  of  samples  that  failed  property  tests,  it  is  not 
advisable  for  the  U.S.  Army  to  procure  commercially  available  rebranded  oils  for 
administrative  service.  Use  of  low-quality  engine  oil  could  result  in  engine  damage  and 
increased  maintenance  costs  and  engine  warranty  invalidation. 
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I.  INTRODUCTION/BACKGROUND 


At  the  time  of  this  work,  the  engine  oil  specification  for  Department  of  Defense  (DOD) 
administrative  vehicles  was  MIL-L-46152B.U)*  This  specification  assures  the  quality  of 
engine  oils  used  in  both  spark  ignition  and  moderate-duty  compression  ignition  adminis¬ 
trative  vehicles  by  requiring  physical,  chemical,  and  engine  tests  of  the  lubricant. 
Lubricants  test  data  are  presented  to  the  Lubricant  Review  Institute  (LRI)  (2),  and  oils 
that  pass  the  requirements  are  put  on  a  qualified  product  list  (QPL)  and  may  then  be  sold 
to  DOD  on  a  bid  basis.  Although  this  system  assures  the  quality  of  lubricants  purchased 
by  the  DOD,  it  has  had  difficulty  in  supplying  these  lubricants  in  conveniently  small 
quantities  (e.g.,  quart  cans)  that  are  desirable  for  smaller  motor  pools  and  remote 
locations.  Because  of  this  practice  and  for  reasons  of  economy,  there  is  a  great  deal  of 
interest  in  the  use  of  commercially  available  engine  oils  in  DOD  motor  vehicles.  In  1979 
the  U.S.  Army  Mobility  Equipment  Research  and  Development  Command  (MERADCOW), 
currently  the  Belvoir  Research,  Development  and  Engineering  Center,  evaluated  the 
quality  of  commercial  automotive  engine  oils  in  an  effort  to  see  if  they  could  meet  the 
requirements  of  MIL-L-46 152.(3)  The  conclusions  of  this  effort  were  that  11  of  the  17 
samples  tested  failed  to  meet  MIL-L-46152  requirements  and  that  6  of  the  samples 
appeared  to  be  formulated  with  insufficient  additives.  These  results  effectively 
eliminated  the  possibility  of  using  commercial  engine  oils  in  DOD  vehicles  since  the 
benefits  of  using  these  oils  (economy  and  convenience)  could  be  more  than  offset  by  the 
potential  for  increased  maintenance  and  warranty  issues.  The  purpose  of  this  current 
effort  is  to  reevaluate  the  quality  of  commercially  available  engine  oils  to  determine  if 
oil  quality  has  improved  since  the  1979  evaluation. 


n.  METHOD  OF  APPROACH 

Commercially  available  rebranded  lubricants  were  purchased  in  local  stores.  Rebranded 
lubricants  were  selected  rather  than  name  brand,  since  the  rebranded  lubricants 
represent  the  lower  cost  lubricants  that  a  military  supply  system  would  be  likely  to 
procure  under  recent  competitive  bid  regulations.  Additionally,  the  rebranded  lubricants 
may  be  representative  of  the  lower  quality  commercially  available  lubricants.  Any  DOD 

♦Underscored  numbers  in  parentheses  refer  to  the  list  of  references  at  the  end  of  this 
report. 


procurement  program  should  therefore  expect  to  obtain  lubricants  of  this  quality  or 
better  if  name  brand  lubricants  were  purchased.  Selection  of  the  rebranded  lubricants 
should  represent  a  worst-case  analysis  of  lubricants  that  could  potentially  be  used  in 
DOD  veh  ties.  Oil  viscosity  grades  SAE-30,  5W-20,  1QW-30,  and  15W-40  were  specified 
by  MIL-L-46 1 52B.  The  U.S.  Army  Belvoir  Research,  Development  and  Engineering 
Center  sampling  concentrated  in  obtaining  10W-30  products,  while  the  BFLRF  sampling 
obtained  a  mix  of  viscosity  grades.  With  one  exception,  lubricants  advertised  to  meet 
SF/CC  or  SF/CD  quality  levels  were  procured  since  most  vehicle  warranties  mandate 
this  quality  lubricant.  Belvoir  RDE  Center  purchased  21  oils  in  the  Baltimore,  MD  and 
northern  Virginia  areas,  and  Belvoir  Fuels  and  Lubricants  Research  Facility  (BFLRF)  at 
Southwest  Research  Institute  purchased  20  lubricants  in  the  San  Antonio,  TX  area.  The 
wide  geographic  separation  of  the  two  sampling  locations  minimized  the  possibility  of 
duplicate  products  being  procured  under  different  labels  and  provided  a  better  sampling 
of  nationwide  oil  quality.  Both  sampling  agencies  purchased  2  quarts  of  each  oil  at  local 
stores.  Each  sample  was  assigned  a  code  number  and  the  following  information  recorded: 

Code  Number 
Brand  Name 
Manufacturer 
Viscosity  Grade 

Advertised  Quality  Level  (API  service  class) 

Place  Purchased 

TABLE  1  lists  the  laboratory  tests  performed  on  each  sample,  while  TABLE  2  gives  a 
breakdown  of  viscosity  grade  of  the  lubricant  samples  by  geographic  locations. 

Attempts  were  made  to  obtain  more  multiviscosity  lubricants  in  the  San  Antonio  area, 
but  the  samples  were  not  available  off-the-shelf.  TABLE  3  contains  a  cross  tabulation 
of  viscosity  grade  and  API  Service  Classification  for  samples  in  the  data  base.  Twenty- 
four  10W-30,  nine  SAE  grade  30,  and  one  5W-30  grade  were  labeled  as  SF/CC.  Four  oils 
were  labeled  SF/CD  (one  10W-30,  two  SAE  30,  one  15W-40),  while  there  was  one  oil 
labeled  SF  only  (10W-30).  One  oil  labeled  for  API  Service  Classification  SA  (SAE  30 
grade)  was  included  for  information  only.  TABLE  4  presents  a  breakdown  of  the  source 
of  samples  in  this  survey.  Most  of  the  samples  were  obtained  from  supermarkets,  dis¬ 
count/department  stores,  and  auto  parts  stores,  with  only  five  samples  being  obtained 
from  service  stations. 
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TABLE  1.  List  of  Laboratory  Tests  Performed  on  Each  Lubricant 


_ Title _  Method 

Flash  PNnt,  °C  D  92 

Pour  Point,  °C  D  97 

Copper  Corrosion,  3  hr  (d  100°C  D  130 

Kinematic  Viscosity  (d  40°C,  cSt  D  445 

Kinematic  Viscosity  (d  I00°C,  cSt  D  445 

Viscosity  Index  D  2270 

Apparent  Viscosity  by  CCS,  cP  (d  °C  D  2602 

Borderline  Pumping  Temperature,  °C  D  3829 

Total  Base  Number  D  2896 

Sulfated  Ash,  wt%  D  874 

Ramsbottom  Carbon  Residue,  wt%  D  524 

Foaming  Characteristics  D  892 

Water  by  Karl  Fischer,  ppm  D  1744 

TFOUT,  minutes  D  4742 

Sulfur,  wt%  D  2622 

Nitroge'-,  ppm  CLM 

Barium,  ppm  ICP 

Boron,  ppm  ICP 

Magnesium,  ppm  ICP 

Manganese,  ppm  ICP 

Molybdenum,  ppm  ICP 

Nickel,  ppm  ICP 

Phosphorous,  ppm  ICP 

Sodium,  ppm  ICP 

Zinc,  ppm  ICP 

Barium,  %  XRF 

Calcium,  ppm  XRF 

Copper,  ppm  XRF 

Phosphorous,  %  XRF 

Sulfur,  %  XRF 

Zinc,  %  XRF 


TABLE  2.  Viscosity  Grades  TABLE  3.  Viscosity  Grade  and  API  Service 

of  Samples  by  Location  Classification  of  Samples 


Viscosity 

San 

Virginia/ 

Grade 

Antonio 

Maryland 

API 

Viscosity  Grade 

5W-20 

0 

0 

Class 

I0W-30 

SAE  30 

5W-30 

15W-40 

5W-30 

I 

0 

1QW-30 

7 

20 

SF/CC 

25 

9 

1 

0 

15W-40 

1 

0 

SF/CD 

1 

2 

0 

1 

SAE  30 

11 

_1 

SF 

1 

0 

0 

0 

No.  of 

Samples 

20 

21 

SA 

0 

1 

0 

0 
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TABLE  4.  Source  of  Samples 


Source 

No.  of 
Samples 

Department/Discount 

Store 

10 

Supermarket/Drug  Store/ 

Hardware 

13 

Auto  Parts  Store 

13 

Service  Station 

5 

m.  DISCUSSION  OF  RESULTS 

For  discussion  purposes,  the  oils  have  been 
grouped  by  API  service  classification  and 
SAE  viscosity  grade.  TABLE  5  shows  the 
results  of  the  individual  lubricant  analyses 
of  the  oils  labeled  as  10W-30  grade  and 
SF/CC.  The  analyses  of  the  30  grade, 
SF/CC  oils  are  presented  in  TABLE  6, 


while  TABLE  7  contains  the  analyses  of  miscellaneous  SF  oils  and  the  SA  oil.  TABLE  8 
contains  a  summary  of  the  properties  of  the  10W-3Q  SF/CC  oils.  Minimum,  maximum, 


and  average  values  and  standard  deviations  are  shown.  TABLE  9  contains  the  same  type 
of  summarized  property  information  for  the  single  grade  oils  (SF/CC,  SAE  30  grade). 
The  average  SAE  30  grade  oil  had  a  slightly  higher  viscosity  at  100°C,  and  higher  TBN 
than  the  average  10W-30  oil.  The  properties  of  the  miscellaneous  SF  oils  were  not 
summarized  because  of  the  diversity  of  products  in  this  category.  TABLE  10  shows  a 


distribution  of  the  additive  package  chemistry  types  of  oils  in  the  data  base.  With  the 
exception  of  the  service  classification  SA  oil,  all  the  formulated  oils  contained  zinc  and 


phosphorous  as  expected.  Eleven  different  additive  package  chemistry  types  were 
represented,  with  seven  of  the  types  present  in  only  a  single  oil  brand  within  the  data 
base.  Most  of  the  oils  had  one  of  two  different  additive  package  types  as  14  (35  percent) 
of  the  oils  contained  an  additive  package  with  magnesium,  calcium,  and  sodium,  while  13 
(29  percent)  of  the  oils  had  a  magnesium-,  copper-,  and  boron-based  package. 


Frequency  distributions  were  conducted  for  selected  oil  properties.  Figures  1  through  11 
show  oil  property  frequency  distributions  for  the  10W-30  oils  labeled  SF/CC.  The 
properties  of  a  "composite"  10W-30  oil  were  derived  by  compiling  the  most  frequently 
occurring  property  ranges  as  shown  below: 

_ Property _  _ Range _ 

Kinematic  Viscosity,  100°C,  cSt  10.0-10.5 

Viscosity  Index  130-135 

Sulfated  Ash,  wt%  0.75-0.80 

Flash  Point,  °C  205-210 

Total  Base  No.  (D  2896)  5-6 

Zinc,  ppm  900-1000 

'  hosphorous,  ppm  800-900 

:ulfur,  wt%  0.4 5-0.50 

•Nitrogen,  wt%  0.035-0.040  and  0.045-0.050 

Tr^uT,  minutes  100-120  and  120-140 
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TABLE  5.  Lubricant  Analyses,  10W-30,  SF/CC  Oils 
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TABLE  5.  Lubricant  Analyses,  10W-30,  SF/CC  Oils  (Cont'd) 


rs  =*  b-g 
</>  <s\ 

— .  o  *s. 


£  i  '-y 

•e  2  '.A5 1 

—  O  sj 

—  U. 


ON*  ^ 

SJ  ^  UJ 

vTv  !>  LO 


30 

£  •  U 

VT'  5  '✓) 

—  Li. 
ld 


r\  5  O' 

pg  i  'J 

ft 

~2Cn 


^S'J 

SJ^ 

in  ?  (r 
_  O 
~  —  t/5 


^  *  U 

<N  i  'J 
rs  r> 

2  gu. 

—  ID 


fM  I  (J 

ps  =* 

*>  s  ii. 


-'Sul 

pg  1  ft? 

rs  jjL  UJ 
wn  2  i/} 

—  O  "s., 
—  li¬ 
on 


nSU 

CM  1 


—  o 


i  UJ 
“  LD 


fl 

xj 

-6  !t! 

rr3  (/5 

k.  «/> 

S  U  3. 
-5  v.U 

E  ~ 

§  .  -  0> 

z  O  - 

(J  > 


(JS  — 

•3“  ON  , 


O 

o 


rg  re 

*  ON 
— «  re  we 
— •  rs  — • 


~  On 
o  n  n 
—  o>  — 


rs  cp 
~*(M 
OoOfn 
—  nO  — 1 


O 

O 

rg 


i r. 

V 


■~  >N 


a 

u 


i  rg  I  \0  O  O 


ON  o  rs  oo 

(N  O  m  .  . 

I  M  i  nO  O  O 


"  ^  N  N  N  50 
m  (*>  in  •  .  . 

i  eg  i  up  O  O 


i/>  — . 

•  •  CP  On 

O'  ”*  Pv.  CTn  O'  00 

rg  fN  c*>  •  . 

i  rg  i  vO  o  o 


(T1  |n  ^  m  vC  N 

eg  O  re  . 

i  eg  i  </n  o  O 


•  _ ,  •  nC  00 

°^(NOON 
m  rn  .  ■  . 

i  rg  r  nd  o  o 


^  0-00 
JiS^.E0. 

I  M  I  VO-- 


rg  —*  ^  _ 

O  O  N  oo  N  o° 


O'  CP 
•  _»  •  rs  re 

rg  <*>  cp  jo  o 

re  — *  re  •  • 

i  rg  i  no  O  — 


NO  .  fT  N 

O  ■=*  -3*  rg  ®o  oo 

re  O  PN  .  •  • 

I  (\  I  VO  O  O 


NO 

O' 

00 

rg 


S*  < 
2§! 
43 

C  nj 


2?U 

5.°* 

5  4J  U  M 
n  k  o  y 

a  2  j>°. 

4>  f3  C 


f  £Ie|II 

^  b  »  u  E  - 

£.~-o  «;«  k 

-  fl  fc  h-  »« 


N-  S  C  uo 
fl 
cC 


o 

:  u 

I  </>  cl 

>  < 


fl  ^ 


1/N  e  -S  «  -H  o 
pg  o  o  o  —  — < 


o  o  o  o  o  o 


o  cp  g-N  —  o  o 
«/>  o  o  o  — •  — 


o  o  o  o  o  o 


g3  ^  >P  — 1  On  O 

00  o  o  o  o  — 


o  o  o  o  o  o 


o  o  o  o  o  o 


sfl  <p  —  ^  O'  ^ 

PN  o  o  o  o  o 


o  o  o  o  o  o 


o  o  o  o  o  o 


pg 

cp  rg  O  —  re  cP 
cp  o  pg  O  —  — ■ 

o  o  o*  o’  o’  o’ 


NO  CP  — *  —  O  ON 
pg  o  o  o  — <  o 


o  o  o  o  o  o 


o  o  o  o  o  o 


rs  Cp  NO  — -  O  O 

cp  o  O  O  — •  — 


o  o  o  o  o  o 


€ 

I 


i£*  5 


3  % 

j£  !2 

"In  gN 

c  £ 

T2  — 

c 


-2  5  o  3  <d  ^ 


^  3 

E  ^ 

a; 


a  E 

00  3 

o  *n 

k.  w> 
•-  "2 
z  u 


rt3  -C 

(C  n  a 


oo  oo  cp  no  — *  rs  rg 
Tn  O  NO  NO  v  re 
— -  OO  oo  00 


o  — «  VO  — -  PNI  00  O 

—  v  Cp  Ps  —  NO 

3N  iO  re  ^p 


o  —  pg  <tn  pg  o  o 

—  v  O0  O  NO  NO 
v  O'  O'  re  rs 


O  rp  rg  on  rs  rs.  re 

—  no  oo  no  pj 

v  O  O'  re  i/N 


O  (Pn  Ps  NO  CP  O0  ON 
j-  e  in  e  i^  ^  vfi 

N  N  ^  m  - 


rs  00  VN  O  —  — «  nO 
no  rg  oo  rg  v  re 
—  O'  O'  o 


o  — •  —  rg  — *  on  no 

—  — •  OO  V  — 

v  cp  rg 


oo  re  on  o  — *  eg 

On  ON  ON  n0  O' 

rs  rs  rs 


O  — •  cp  re  —  no  O 
v  cp  rg  v  rs  oo 
✓  cp  re  re  no 


o  vo  pg  w'n  —•  — .  oo 

— •  ts  ON  —  V  NO 
v  O  o  rs 


c 

D. 

c_ 

c 

a; 

</)  4-* 

3  c 

o  o 

2 


Cl 

jj  s 


'll 


c  _ 

v  O  o  •-  -C 
PUtDNatQ 
0) 


o  o  o 
o  o  o 


o  o  o 

NO 


o  o  o 
o  o  o 


o  o  o 
NO 


O  le  O 
oo 


o  o  o 

ON 


o  o  o 
o  o  o 


o  o  o 
o  o  o 


re  —  ON 

“  • 

Z  o  — 


o  o  o 

CP 


o  o  o 
o  o  o 


c  ^  ft 
Z  o  — 


oo 

/e  O  rs 

Z  o  — 


/e  rg  rg 

z  o  2 


/e  — •  O 

§  *  pg 
Z  o  — 


Z  o  — 


o  pg  o 
=  •  pg 
Z  o  — 


00 

n  —  «*»• 
^ 

Z  o  pg 


ergip 

b  •  n 

Z  o  — < 


wn  r- 

13  E 

fl 


HQ-hirU 


UJ 


UJ 


*  c 

*  i 

fc  g 

j=  o 

c  .i2  V 

.2UtL| 

—  tfl  o  —  S 

_  —  “  O  O  L-  «3 

N-  O  fl 

V  03  4)  —  V  * 

u  u  u  °  „  *•  O 
c  c  cU®>,  _ 
4J  Si  4>  ^  ^  |_T 

c-  3-  o- 

u  4i  u  2  o 

i^i  in  in  Q-m  n  £ 

V  Sh 


6 


TABLE  5.  Lubricant  Analyses,  10W-30,  SF/CC  Oils  (Cont'd) 
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Sequence  111  0/0  0/0  0/0  0/0  0/C 

Copper  Corrosion 

3  hr,  @  100°C  ND  1A  1A  3A  IB 

Water  by  Karl  Fischer,  wt%  0.11  0.085  0.041  0.135  0.21 

TFOUT,  Ox  Induction,  min  121  107  155  243  222 
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TABLE  7.  Lubricant  Analyses,  Miscellaneous  SF  Oils  and  SA  Oil 
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TABLE  8.  Summarized  Properties, 

o 

s* 

o 

SF/CC  Oils 

Standard 

Minimum 

Maximum 

Average 

Deviation 

Kinematic  Viscosity,  100°C,  cSt 

9.58 

11.92 

10.55 

0.53 

Viscosity  Index 

122 

160 

137 

11 

Apparent  Viscosity,  cp,  -20°C 

2750 

3950 

3278 

318 

Flash  Point,  °C 

204 

235 

217 

10 

Total  Base  No.,  D  2896 

0.8 

6.9 

5.5 

1.2 

Sulfated  Ash,  wt% 

0.60 

1.04 

0.79 

0.10 

Elements 

Zinc,  ppm 

757 

1459 

993 

195 

Phosphorous,  ppm 

736 

1323 

917 

157 

Sulfur,  wt% 

0.25 

0.86 

0.46 

0.17 

Nitrogen,  wt% 

0.022 

0.055 

0.043 

0.007 

TFOL'T,  minutes 

92 

254 

148 

43 

TABLE  9.  Summarized  Properties,  SAE30, 

SF/CC  Oils 

Standard 

Minimum 

Maximum 

Average 

Deviation 

Kinematic  Viscosity,  100°C,  cSt 

10.05 

12.28 

11.24 

0.68 

Viscosity  Index 

97 

107 

100 

3 

Flash  Point,  °C 

216 

246 

230 

9 

Total  Base  No.,  D  2896 

5.6 

6.7 

6.2 

0.4 

Sulfated  Ash,  wt% 

0.51 

0.88 

0.71 

0.12 

Elements 

Zinc,  ppm 

972 

1740 

1129 

235 

Phosphorous,  ppm 

829 

1509 

997 

200 

Sulfur,  wt% 

0.30 

0.63 

0.43 

0.10 

Nitrogen,  wt% 

0.033 

0.059 

0.046 

0.008 

TFOUT,  minutes 

105 

219 

137 

34 

TABLE  10.  Distribution  of  Additive  Package  Types 


Number  of  Oils 


Additive  Package 

SF/CC 

SF/CC 

SF/CD 

SF/CD 

SF/CD 

SF 

Elements* 

10W-30 

SAE  30 

SAE  30 

15W-40 

10W-30 

I0W-30 

Mg,  Cu,  B 

10 

3 

0 

0 

0 

0 

Mg,  Ca,  Na 

8 

4 

1 

0 

1 

0 

Mg,  B 

2 

0 

0 

1 

0 

0 

Mg,  Ca,  B 

l 

0 

0 

0 

0 

0 

Mg,  Ca,  Cu,  B 

1 

0 

0 

0 

0 

0 

Mg,  Ca,  Na,  Ba,  Cu,  B 

l 

0 

0 

0 

0 

0 

Ca,  Cu 

1 

0 

0 

0 

0 

0 

Ca 

1 

0 

0 

0 

0 

0 

Ca,  Mg 

0 

1 

1 

0 

0 

0 

Ca,  Mg,  Na,  B 

0 

1 

0 

0 

0 

0 

Ca,  Ba,  Mg,  Na,  B 

0 

0 

0 

0 

0 

1 

*Note:aIl  oils  contained  Zn  and  P. 
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Figure  i.  Kinematic  viscosity  at  10Q°Ct  cSt  for  SF/CC  10W-30  oils 


10  11  12 
KINEMATIC  VISCOSITY,  cSt,  AT  100°C 


160 


VISCOSITY  INDEX 

Figure  2.  Viscosity  index  for  SF/CC  10W-3Q  oils 
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<02mcOnum  -(OzmcDmufi 


FLASH  POINT,  °C 


Figure  4.  Flash  point,  °C  for  SF/CC  10W-30  oils 
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TOTAL  BASE  NO.  (D  2896) 

Figure  5.  Total  base  No.  D  2896  for  SF/CC  10W-30  oils 


SULFATED  ASH,  WT  % 

Figure  6.  Sulfated  ash  for  SF/CC  1QW-3Q  oils 
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KOZmcOms-n  <ozmcOmi-n 


ZINC,  PPM  X  1000 

Figure  7.  Zinc  content  for  SF/CC  1QW-3Q  oils 


PHOSPHORUS,  PPM  X  1000 

Figure  8.  Phosphorous  content  for  SF/CC  10W-30  oils 


14 


0 


0.02 


0.04  0.06 

NITROGEN,  WT% 


0.08 


Figure  10.  Nitrogen  content  for  SF/CC  10W-30  oils 
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Figure  1 1 .  TFOUT  minutes  lor  SF/CC  1QW-3Q  oils 


Figs.  12  through  21  show  oil  property  frequency  distributions  for  the  5AE  30  grade  oils 
labeled  SF/CC.  Once  again,  the  most  frequently  occurring  property  ranges  were 
compiled  to  determine  the  properties  of  a  "composite"  SAE  30  grade  oil  as  shown  below: 


Property _  Range 


Kinematic  Viscosity,  100°C,  cSt 

10.3-11.0 

Viscosity  Index 

95-100 

Sulfated  Ash,  wt% 

Flash  Point,  °C 

0. 7-0.8 

220-230 

Total  Base  No.  (D  2896) 

6. 0-6. 5 

Zinc,  ppm 

1000-1100 

Phosphorous,  ppm 

900-1000 

Sulfur,  wt?6 

0.30-0.40 

Nitrogen,  wt% 

0.040-0.045 

TFOUT,  minutes 

120-140 

One  sample  of  the  given  brand/label  1QW-30  oil  was  obtained  in  both  the  Washington 
D.C.  and  San  Antonio,  TX  areas  for  four  different  companies.  Properties  of  the  samples 
were  compared  to  determine  if  the  same  composition  oil  was  being  sold  in  two  different 
geographic  areas.  Samples  AL-15717  and  AL- 13791  were  purchased  from  the  same  auto 
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igure  12.  Kinematic  viscosity  at  100oC,  cSt  for  SF/CC  SAE  30  oils 


VISCOSITY  INDEX 

Figure  13.  Viscosity  index  for  SF/CC  SAE  30  oils 
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FLASH  POINT.  °C 

Figure  1<>.  Flash  point,  °C  lor  SF/CC  SAE  30  oils 


TOTAL  BASE  NO.  (D  2896) 

Figure  15.  Total  base  No.  D  2896  for  SF/CC  SAE  30  oils 
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Figure  16.  Sulfated  ash  for  SF/CC  SAE  30  oils 
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Figure  18.  Phosphorous  content  for  SF/CC  SAE  30  oils 


Figure  19.  Sulfur  content  for  SF/CC  SAE  30  oils 
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Figure  20.  Nitrogen  content  for  SF/CC  SAE  30  oils 
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Figure  21.  TFOUT  minutes  for  SF/CC  SAE  30  oils 
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parts  chain  (source  A).  Although  the  oils  had  similar  additive  chemistries,  they  had 
somewhat  different  physical/chernicai  properties  such  as  flash  point,  sulfur  content, 
suifated  ash,  and  total  base  number.  Two  samples  were  obtained  from  another  auto  parts 
chain  (source  B).  Oils  AL-15729  and  AL -15807  differed  substantially  in  viscosity  index, 
flash  point,  sulfur,  and  sodium  content,  while  the  additive  packages  were  of  the  same 
chemistry  type.  Oils  from  source  A  were  similar  and  possibly  within  blending  tolerances 
but  were  not  exact  duplicates.  The  same  conclusion  was  made  for  the  oils  from 
source  B.  Two  samples  were  obtained  from  a  mass  merchandiser  (source  C).  Oils  AL- 
15727  and  AL-15793  had  major  differences  in  boron,  calcium,  and  sodium  contents  and 
had  minor  differences  in  viscosity  index,  flash  point,  and  suifated  ash.  Oils  AL-15728 
and  AL-157S6  were  from  another  mass  merchandiser  (source  D).  These  oils  differed  in 
additive  packages  as  their  calcium,  copper,  boron,  and  sodium  contents  were  quite 
different.  Based  on  additive  contents,  the  two  oils  from  source  C  were  of  different 
composition  as  were  the  two  samples  from  source  D. 

During  late  19S6  and  early  1987  when  the  oil  samples  were  procured  for  this  data  base, 
oil  specification  MIL-L-46152B  was  in  effect.  Specification  MIL-L-46152C  became 
effective  27  August  1987  and  included  some  minor  changes  in  pour  point  requirements 
(less  restrictive)  for  grades  10W  and  10W-30,  the  deletion  of  grade  5W-20  and  addition  of 
grade  5W-30,  and  the  revision  of  several  analytical  test  methods.  Specification  MIL-L- 
46152D  became  effective  1  August  1988  and  retained  the  same  finished  oil  property 
requirements  as  the  previous  revision;  however,  engine  test  procedures  and  requirements 
were  updated.  From  the  standpoint  of  physical  properties,  the  oils  obtained  for  this  data 
base  in  1986  through  1987  should  still  meet  the  finished  oil  property  requirements  of  the 
latest  specification  revision.  TABLE  11  shows  a  listing  of  oils  that  had  one  or  more 
properties  outside  the  requirements  of  MIL-L-46152D.  Twenty-three  different  samples 
(57.5  percent)  failed  one  or  more  of  the  physical/chemical  property  tests  with  seven 
(17.5  percent)  of  the  failures  being  considered  borderline.  Sequence  II,  5-minute  foam 
limits  (ASTM  D  892)  and  cold  cranking  simulator  apparent  viscosity  were  the  tests  most 
frequently  failed.  It  should  be  noted  that  all  samples  passed  the  10-minute  foam 
requirements  with  zero  mL  foam.  Sample  AL-15770  had  a  kinematic  viscosity  at  100°C, 
which  was  below  the  minimum  for  SAE  30  grade  despite  being  labeled  as  a  10W-30 
product.  This  oil  also  had  unusually  low  zinc  and  phosphorous  contents  and  performed 
poorly  in  the  TFOUT.  Oil  AL-157S8,  which  was  labeled  5W-30,  did  not  meet  the  low- 
temperature  requirements  for  this  viscosity  grade.  Sample  AL-15804  failed  the  pour 
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TABLE  11.  Lubricants  With  Properties  Outside  MIL-L-46152D  Requirements 


Property 


Property 

Oil  ID 

Grade 

Value 

Limit 

Kinematic  Viscosity, 

100°C 

AL-15770 

10W-30 

7.12 

9.3  min 

Apparent  Viscosity 

at  -20°C,  cP 

AL-15716 

10W-30 

3700,3800 

3500  max 

AL-15720 

10W-30 

3700,3750 

3500  max 

AL-15726 

10W-30 

3600,3700 

3500  max 

AL- 15727 

10W-30 

3850,4000 

3500  max 

AL-15772 

10W-30 

3600,3800 

3500  max 

AL-15793 

10W-30 

3600,3700 

3500  max 

at  -25°C,  cP 

AL-15788 

5W-30 

4900,5000 

3500  max 

BPT,  °C 

AL- 15788 

5W-30 

-29.7 

-30  max 

Pour  Point,  °C 

AL-15786 

10W-30 

-28 

-30  max 

AL-15800 

30 

-16 

-18  max 

AL-15802 

30 

-17 

-18  max 

AL-15804 

30 

-13 

-18  max 

AL-15788 

5W-30 

-34 

-35  max 

Flash  Point,  °C 

AL-15722 

10W-30 

204 

205  min 

AL-15790 

10W-30 

204 

205  min 

AL-15803 

30 

216 

220  min 

P,  wt% 

AL-15790 

10W-30 

0.15,0.13 

0.14  max 

AL-15792 

30 

0.18,0.15 

0.14  max 

Foam,  D  892 

Sequence  II, 

5  minute 

AL-15716 

10W-30 

180 

150  mL  max 
150  mL  max 

AL-15724 

10W-30 

190 

150  mL  max 

AL-15725 

10W-30 

320 

150  mL  max 

AL-15726 

10W-30 

290 

150  mL  max 

AL-15727 

10W-30 

285 

150  mL  max 

AL-15728 

10W-30 

160 

150  mL  max 

AL-1577 1 

10W-30 

220 

150  mL  max 

AL-1579  7 

10W-30 

160 

150  mL  max 

AL-15798 

10W-30 

155 

150  mL  max 

AL-15807 

10W-30 

190 

150  mL  max 

Note:  All  samples  had  0  mL  foam  after  10  minutes  settling  time. 


Comment 


Borderline 

Borderline 

Borderline 

Borderline 

Borderline 

Borderline 

Borderline 

Borderline 


Borderline 

Borderline 

Borderline 


point  requirement  for  SAE  30  grade  by  5°C,  and  sample  AL-15803  failed  the  minimum 
flash  point  by  4°C. 


IV.  CONCLUSIONS 

Overall,  57.5  percent  of  the  samples  obtained  failed  one  or  more  of  the 
physicai/chemical  tests  of  MIL-L-46152.  Although  17.5  percent  of  the  failures  were 
considered  borderline,  40  percent  clearly  failed  at  least  one  of  the  tests.  Foam  test  and 
cold  cranking  simulator  apparent  viscosity  were  the  requirements  most  frequently  failed. 
Based  on  the  number  of  samples  that  failed  property  tests,  it  is  not  advisable  for  the  U.S. 
Army  to  procure  commercially  available  oils  for  administrative  service  at  this  time. 


V.  RECOMMENDATIONS 

Some  of  the  commercially  available  administrative  type  service  engine  oils  do  not  appear 
to  have  consistently  high  quality.  It  is  recommended  that  the  U.S.  Army  continue  to 
monitor  the  results  of  the  SAE  oil  labeling  assessment  program  to  determine  when  it  will 
be  feasible  to  obtain  commercially  available  administrative  service  oils  of  consistent 
high  quality.  It  is  also  recommended  that  the  Army  conduct  a  brief  follow-on  survey  and 
sample  analysis  of  the  latest  generation  oils  that  meet  API  service  classification  5G. 
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ATTN:  AFWAL/POSL  (MR  JONES)  1 

AFWAL/MLBT  (MR  SNYDER)  1 

WRIGHT-PATTERSON  AFB  OH 
45433-6563 

CDR 

SAN  ANTONIO  AIR  LOGISTICS  CTR 
ATTN:  SAALC/SFT  (MR  MAKRIS)  1 

SAALC/MMPRR  1 

KELLY  AIR  FORCE  BASE  TX  78241 
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CDR 

WARNER  ROBINS  AIR  LOGISTIC  CTR 
ATTN:  WRALC/MMVR-i 

(MR  PERAZZOLA)  1 

ROBINS  AFB  GA  31098 


OTHER  GOVERNMENT  AGENCIES 

NATIONAL  AERONAUTICS  AND  SPACE 
ADMINISTRATION  1 

LEWIS  RESEARCH  CENTER 
CLEVELAND  OH  44135 

US  DEPARTMENT  OF  ENERGY 
ATTN:  MR  ECKLUND  1 

MAIL  CODE  CE-151 
FORRESTAL  BLDG. 

1000  INDEPENDENCE  AVE,  SW 
WASHINGTON  DC  20585 
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